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Abstract.  Broiler litter contains the naturally-excreted 
hormones testosterone and 17-β estradiol, which can con-
taminate surface runoff when litter is applied to pastures. 
This study was conducted to evaluate the effect of knife 
aeration of pastures receiving broiler litter on hormone 
concentrations in surface runoff.  Six 0.8-ha paddocks on 
tall fescue and bermudagrass were fertilized with 5 Mg ha-
1 in March and November 2008, and in March 2009. Three 
paddocks were aerated immediately after application and 
three paddocks were left non-aerated as controls. Surface 
runoff samples were collected with automated samplers 
and analyzed for the sex hormones with GC/MS. Knife 
aeration reduced concentrations of hormones in surface 
runoff occurring soon after litter application and aeration. 
These results suggest that knife aeration may be a useful 
management practice to reduce contamination of surface 




Broiler litter, a mixture of chicken (Gallus gallus 
domesticus) excreta and bedding material, contains 
naturally-excreted sex hormones testosterone and 17-β 
estradiol. Because broiler litter is commonly surface 
applied to pastures as fertilizer, these hormones may 
contaminate surface waters via surface runoff (Finlay-
Moore et al., 2000; Velicu and Suri, 2009). Thus, 
management practices are needed to minimize surface 
runoff contamination. Mechanical aeration, which consists 
of disturbing the soil surface by making vertical slits 
(Franklin et al., 2007) or  cylindrical holes (Kraft et al., 
2004), has been effective at reducing phosphorus (P) 
losses from grasslands fertilized with broiler litter 
(Franklin et al., 2007; Butler et al., 2008). This reduction 
in P loss has been attributed in part to strong binding of P 
to soil surfaces exposed by mechanical aeration. Because 
testosterone and 17-β estradiol also bind strongly to soil 
(Sangsupan et al., 2006), mechanical aeration may be 
effective at reducing their concentrations in surface runoff. 
The objective of this study was to evaluate the effect of 
knife aeration on concentrations of testosterone and 17-β 





MATERIALS AND METHODS 
 
Six 0.8-ha paddocks located at the Central Georgia 
Research and Education Center (39°24’ N, 83°29’ W, 
elevation 150 m) were used to evaluate the impact of knife 
aeration under grazed conditions. The dominant species on 
the paddocks were tall fescue (Lolium arundinacea 
Schreb.) and bermudagrasss (Cynodon dactylon L.), and 
the main soils were classified as Altavista (fine-loamy, 
mixed, semiactive, thermic Aquic Hapludults), Cecil (fine, 
kaolinitic, thermic, Typic Kanhapludults), Helena (fine, 
mixed, semiactive, thermic Aquic Hapludults), and 
Sedgefield (fine, mixed, active, thermic Aquic 
Hapludults). All paddocks received 5 Mg ha-1 broiler litter 
in March and November 2008, and in March 2009. Three 
paddocks were aerated immediately after litter application 
and three paddocks were left non-aerated as controls. 
Aeration was carried out with 1.5-cm-wide ammonia-
injection knives (Universal NH3 knife, Shoup 
Manufacturing Co., Kankakee, IL) mounted on a chisel-
plow frame. This implement made continuous slits (10 cm 
deep and 27 cm apart) perpendicular to the field slope. 
Earthen berms (0.6 m high, 1.5 m wide) surrounding each 
paddock directed surface runoff to a 0.45-m H-flume 
equipped with a Coshocton wheel, which sampled surface 
runoff. At pre-determined runoff volumes, composite 
water samples were automatically collected from the 
Coshocton wheel pan and stored in a 10-L bottle inside an 
ISCO 3700FR refrigerated sampler (ISCO Corporation, 
Lincoln, NE). Testosterone and 17-β estradiol in runoff 
samples were extracted with dichoromethane in a 
separatory funnel, evaporated to dryness and redissolved 
in methanol, and analyzed with a Varian 4000 GC/MS 
(Varian Inc., Walnut Creek, CA). Statistical analysis was 
carried out with PROC MIXED in SAS (SAS Institute 
Inc., 2008), with sampling dates as repeated measures. 
 
RESULTS AND DISCUSSION 
 
IN 2008, there were no major runoff events (<5 mm) 
between the first litter application in March and the 
second litter application in November, but there were ten 
major runoff events after that (Figs. 1 and 2). The 
statistical analysis conducted with PROC MIXED 
indicated a significant (p<0.05) interaction between 
aeration treatment and runoff date. In most cases, 
mechanical aeration reduced the concentration of both 
hormones when runoff events occurred within two weeks 
after litter application and aeration treatment (Figs. 1 and 
2). This time-limited effect of aeration may have been due 
to 1) closing of aeration slits with time due to cattle 
activity, and 2) binding of hormones with recalcitrant 
humic fractions in soil. Fan et al. (2007) found that after a 
5-d incubation at room temperature, 85% of the non-
mineralized hormones (testosterone and 17-β estradiol) 
was associated with humin as well as fulvic and humic 
acids. Hormones associated with these humic fractions are 
not water soluble and therefore not susceptible to 



























Figure 1. Concentration of 17-β estradiol in surface 
runoff from paddocks from paddocks fertilized with 
broiler litter with and without knife aeration (triangles 
indicate date of litter application and aeration 
treatment;* and + indicate significance at p=0.05 and 



























Figure 2. Concentration of testosterone in surface 
runoff from paddocks fertilized with broiler litter with 
and without knife aeration (triangles indicate date of 
litter application and aeration treatment;* indicates 
significance at p=0.05). 
 
Concentrations of sex hormones in surface runoff are 
usually largest in runoff events occurring soon after 
broiler litter application (Nichols et al., 1997; Finlay-
Moore et al., 2000).  Thus, the reduction in concentration 
achieved with knife aeration during the first two weeks 
after treatment may result in a significant reduction in the 




Our results suggest that knife aeration of pastures im-
mediately after broiler litter application may be a useful 
management practice to reduce contamination of surface 
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